, a = 9.4241(3) Å, b = 26.115(2) Å, c = 13.5769(9) Å, V = 3341.4 Å 3 , Z = 8, R gt(F) = 0.066, wRref(F 2 ) = 0.169, T = 150 K.
C 12H29Cl2N3O, C2cb (no. 41), a = 9.3788(2) Å, b = 25.5188(9) Å, c = 13.8489(5) Å, V = 3314.5 Å 3 , Z = 8, R gt(F) = 0.055, wRref(F 2 ) = 0.140, T = 150 K.
Source of material
Approximately 0.15 g of 1,4,7-trimethyl-1,4,7-triazacyclononane [1] was dissolved in 3 mL of hexane, which was carefully layered on top of 3 mL of methylene chloride. As the two solutions diffused together, the rate of the reaction was slow enough that the product was produced as single crystals, rather than as a powder. Once isolated, the compound is only sparingly soluble in methylene chloride, but will readily dissolve in ethanol which can be slowly evaporated to produce colorless crystals.
Experimental details
The occupancy factors for the disordered solvent atoms were estimated based on their relative electron densities from Fourier difference maps. The identification of the accompanying solvent in the first structure as methylene chloride, rather than hexane, was confirmed by NMR spectroscopy.
Discussion
The crystal structure of 1-chloromethyl-1,4,7-trimethyl-triazonan-1-ium chloride was first obtained on a sample crystallized from methylene chloride. However, the methylene chloride was found to be severely disordered, and occupied nearly planar layers between the cations. In an attempt to obtain a higher quality structure, the salt was crystallized from ethanol. Notably, very similar lattice parameters were adopted, with the incorporation of ethanol, which experienced only relatively minor disorder. An improved structural result was obtained, with somewhat smaller uncertainties in the bonding parameters. Some evidence of ring strain may be seen in the angles formed around the ring. For the ethanol solvate, these range from 112.3(3)°-114.0(3)°for the nitrogen atoms and from 114.1(3)°-116.5(3)°for the carbon atoms. The N-C distances fall into three categories. The unique N1-C(H 2Cl) distances for the two forms are similar at 1.500(6) Å and 1.506(5) Å, respectively. The other N1-C distances are longer, averaging 1.516(5) Å and 1.519(12) Å for the two compounds, while the N2-C and N3-C distances are shorter, averaging 1.470(4) Å and 1.474(6) Å, respectively. Of interest is the fact that while the ethanol solvate has smaller bonding uncertainties, the bond distances of a given type for that structure tend to exhibit greater ranges compared to the methylene chloride solvate, leading to larger statistical uncertainties in the average values. It is possible that this could arise from an asymmetry in the ring strain, as might be suspected by the N1-C1 distance of 1.542(4) Å in the latter structure. The presence of the highly disordered methylene chloride in the former structure could make it easier for the ring to pack in two orientations, leading to an averaging of the long N-C bond over two locations. Another example of a related macrocyclic ammonium salt has been structurally characterized, although in that case a methyl group was oriented toward the cavity of the macrocycle [2] . By analogy to that result, the rapid formation of the salt in this case may arise from the interaction of the methylene chloride hydrogen atoms with the basic nitrogen centers of the triazacyclononane. 
